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INTRODUCTION 
 
 The appendage of the left atrium is bulbar structure which is long with 
a narrow junction at its meeting point with left atrium. In many diseases the 
left atrial appendage is clinically important because of the propensity for the 
development of thrombus. Being a dynamic structure, the stasis of blood is 
prevented, but when its function is impaired, stasis will increase. This may 
lead to the development of spontaneous echo contrast and thrombus 
formation. Moreover an inactive left atrial appendage is an independent 
predictor of thrombo embolism. Hence the decision for anticoagulant 
therapy can be made on the basis of the presence of inactive left atrial 
appendage. 
 
 In patients with rheumatic mitral stenosis, left atrial appendage 
velocities are reduced. Also in mitral stenosis, the annular velocities 
calculated by Doppler tissue imaging are reduced. The lateral mitral annulus 
and the left atrial appendage has a close functional and anatomic relation and 
hence the velocities obtained from the annulus by Doppler tissue imaging 
may reflect left atrial appendage functions. 
  The prevalence of rheumatic heart disease is high in South Asian 
countries, particularly in India. Isolated mitral stenosis occurs in 25% of all 
rheumatic heart disease cases. Mitral stenosis and mitral regurgitation occur 
in 40% of the cases. Almost two thirds of patients with mitral stenosis are 
females. The thrombi originating from the left atrial appendage are believed 
to be the source of embolism in patients with rheumatic mitral stenosis, 
especially when mitral stenosis is associated with atrial fibrillation.  
  
 Echocardiography is used to detect thrombi in the left atrium and its 
appendage. Transthoracic echocardiography is 50% sensitive in detecting 
left atrial and left atrial appendage thrombi. Transesophageal 
echocardiography (TOE) is superior to transthoracic echocardiography and 
has high sensitivity and specificity for the detection of left atrial and left 
atrial appendage thrombi. The individual valve lesion severity can be 
assessed by echocardiography in patients with rheumatic heart disease and 
can be matched with left atrial dimensions and hence used for risk 
stratification from thromboembolism. 
  
 Effective blood flow in the appendage cavity prevents thrombus 
formation, but disease states like atrial fibrillation and rheumatic heart 
disease cause left atrial appendage dysfunction and becomes a risk factor for 
thrombus formation. Recent attention has been focused on left atrial 
appendage function by transesophageal echocardiography to assess the risk 
of thrombus formation. 
 
Spontaneous echo contrast in left atrium is a common finding in 
patients with rheumatic mitral valve disease. Left atrial spontaneous echo 
contrast is an independent predictor for systemic embolization and is 
documented better by transesophageal echocardiography.  In this scenario it 
is prudent to investigate whether there is a relation between mitral annular 
velocities obtained by Doppler tissue imaging and left atrial appendage 
function and to find out if the velocities obtained from the annulus can 
indicate the presence of inactive left atrial appendage in patients with mitral 
stenosis. 
 
 
 
 
 
AIMS AND OBJECTIVES 
 
1. To determine the relation between systolic mitral annular velocity and 
left atrial appendage function by Doppler tissue imaging. 
2. To investigate if the systolic mitral annular velocity can indicate the 
presence of inactive left atrial appendage in mitral stenosis. 
3. To assess echocardiographic parameters particularly left atrial 
dimensions, mitral valve area, presence of left atrial thrombus and 
spontaneous echo contrast by trans-thoracic echocardiogram. 
4. Trans-esophageal echocardiographic assessment of thrombus, 
spontaneous echo contrast and emptying velocity of appendage of left 
atrium. 
5. To determine if there is any correlation between E wave or A wave 
velocities and left atrial appendage emptying velocity. 
6. To risk stratify thromboembolism in those patients based on Doppler 
echocardiographic parameters. 
7. The ultimate aim of the study is to prevent thromboembolism in all 
mitral stenosis patients especially who are in sinus rhythm. 
 
REVIEW OF LITERATURE 
  
 Valvular heart disease remains a major burden in India. Due to lack of 
diagnostic facilities in many areas especially in rural areas, it is mandatory to 
be familiar with assessment of valvular heart disease at the bedside by 
physical examination. With escalating health care costs, cost effectiveness of 
care (diagnostic and therapeutic) is important. The attending physician has 
the responsibility of using limited economic resources of the patient in an 
appropriate way.  
  
 In India rheumatic heart disease remains the commonest cause of 
valvular heart disease. Less common causes are Degenerative, Congenital 
and Infective Endocarditis. Rare causes include drug induced, trauma, 
carcinoid syndrome, connective tissue disorders, iatrogenic etc. Previously 
considered as an insignificant structure in cardiac anatomy, the appendage of 
left atrium is now considered a structure with important pathological 
associations.(1)  
 
The risk of cerebrovascular accident is increase approximately four to 
five fold in non-rheumatic atrial fibrillation and fifteen fold in patients with 
rheumatic mitral stenosis and atrial fibrillation. In rheumatic mitral valve 
disease there is a predilection for thrombus formation in left atrial 
appendage, especially in atrial fibrillation and it is also is present in sinus 
rhythm. In non-valvular atrial fibrillation also clot formation occurs in left 
atrial appendage. With the advent of transesophageal echocardiography now 
it is possible to assess in health and disease, the shape, flow patterns, size 
and content of left atrial appendage. 
  
  Atrial fibrillation is the causative factor for about 15% of cardio-
embolic ischemic cerebro vascular accidents.(2) As a whole 90% of thrombus 
originates in the left atrial appendage in non-valvular atrial fibrillation. 
Around 60% of thrombus were seen in appendage of left atrium in rheumatic 
mitral valve disease. The thromboembolic phenomenon can be reduced with 
the use of anti-coagulants and some patients have contraindications for the 
initiation of such treatment. In those patients who have contraindications for 
OAC (Oral Anti-Coagulants) an alternative form of thromboembolism 
prophylaxis is warranted. 
  
 
ANATOMY OF THE LEFT ATRIAL APPENDAGE 
 The left atrium develops in 3rd week of gestation.(3) The appendage of 
the left atrium is a remnant of embryonic left atrium. The main left atrium 
develops from the outgrowth of pulmonary veins. The left atrial appendage 
is much longer than its counterpart on the right side and has a much 
narrower connection with the atrium. The shape of the left atrial appendage 
resembles a finger or the wing of a bird. The left atrial appendage is a 
tubular and hooked structure. In contrast the right atrial appendage has a 
broad base and a triangular contour and resembles the ear of a dog. Both 
appendages have trabeculation and both appendages have pectinate muscles, 
which are nothing but muscles running parallel to each other, resembling a 
comb.  
 
The right atrial appendage has prominent pectinate muscles whereas it 
is less prominent in the left atrial appendage. In some congenital heart 
diseases the pectinate muscles in appendages were used to identify the 
morphological left and right atrium. In autopsy studies, in patients with atrial 
fibrillation the atrial appendages were voluminous and broader when 
compared to patients in sinus rhythm. These findings correlate with 
transesophageal echocardiography findings in different imaging planes. (4) 
These findings may be due to hemodynamics of atrial fibrillation or
fibrillation per se. 
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 The myocytes in appendage of left atrium is similar to the myocyte of 
myocardium present in other sites. The left atrial appendage has a thicker 
epicardium when compared with the thickness over the ventricles. The left 
atrial appendage is an intra-pericardial structure. It is related superiorly to 
the pulmonary artery and to the free wall of the left ventricle inferiorly. The 
blood supply to the left atrium comes from the left atrial branch of left 
circumflex artery and from the right coronary arteries. They are innervated 
by both sympathetic and parasympathetic system. 
 
PHYSIOLOGY 
 The contraction pattern of left atrial appendage is distinct. When 
compared to left atrium it shortens to a greater extent. Transesophageal 
echocardiography has been used for studying the blood flow within the left 
atrial appendage. It gives optimal views of appendage and its orifice. 
 The left atrial appendage flow patterns in those patients who are in 
sinus rhythm which was measured by Doppler imaging techniques were 
described as biphasic.(5) In addition to the biphasic flow pattern there were 
emptying and filling waves. This is called quadriphasic flow pattern. (6) This 
flow pattern was described in 50-70% of patients. This quadriphasic flow 
pattern is seen much more commonly in healthy volunteers. This flow 
pattern may not be seen in patients undergoing transesophageal 
echocardiography for clinical indications. 
 
 There are 2 phases in the left atrial appendage flow, a forward flow 
phase and a backward flow phase. In the forward flow phase the blood 
moves out of the appendages. This phase occurs early in the diastole, after 
the start of the trans-atrial flow this is followed by a short phase of backward 
flow, in which blood moves into the appendage. 
 
 The causal relationship between early left atrial appendage emptying 
and the left ventricular relaxation is suggested by the first forward flow 
phase. This first forward flow phase is fixed to the beginning of early 
diastole. A further phase of forward flow is noted due to the contraction of 
the left atrial appendage coincides with atrial systole. This is followed by 
backward flow phase. This backward flow phase is presumably caused by 
the elasticity of the left atrial appendage. This cyclic forward flow and 
backward flow phase is constant and independent of heart rate. 
 
 The left atrial appendage being intrapericardial is relatively fixed and 
immobile. It is in close relation with pulmonary artery in superior aspect and 
to the free wall of left ventricle inferiorly and medically. The intrapericardial 
space is being filled up during disease as the left ventricle dilates. This 
dilation of left ventricle during diastole compresses the inferomedial wall of 
left atrial appendage between the fixed pericardium and its free wall. This 
has been suggested to contribute to the emptying of the left atrial appendage. 
 
 During early diastole and intracavitary suction effect is created by 
ventricular filling. This intracavitary suction effect will have an influence on 
the filling and emptying of left atrium as well as the left atrial appendage. 
Hence the filling and emptying of left atrial appendage is influenced by 
changes in left ventricular function rather than appendage function. This 
finding will explain the atrial fibrillation related cerebrovascular accidents in 
patients with left ventricular dysfunction. (7) There was an inverse 
relationship between the filling and emptying of left atrial appendage and 
ventricular rate. These findings can be extrapolated for and optimal rate 
control in the prevention of thromboembolism in atrial fibrillation. (8) 
 
 There are theories regarding whether the left atrial appendage 
contracts actively or it functions passively. This is due to the relation of the 
left ventricular filling and left atrial appendage flow, the latter being 
compressed by left ventricle during ventricular diastole and also the negative 
pressure created by ventricular filling empties the appendage.  
 
The left atrial appendage has prominent muscle ridges. If these 
pectinate muscle ridges won’t contract, they will go for atrophy. Hence the 
evidence favours active contraction of left atrial appendage. If the filling and 
emptying in the appendage is passive, this will not explain the quadriphasic 
flow pattern which was seen at low heart rates. Cardiac surgeons have also 
observed active contraction of left atrial appendage intraoperatively. 
  
 The distensibility of the left atrial appendage is much more that the 
proper left atrium. There will be an increase in dimensions as well as left 
atrial pressure when appendage is clamped during cardiac surgery. There is 
also an increase in pulmonary and trans-mitral diastolic flow velocities 
during clamping of the appendage.(9) By way of modulating left atrial 
pressure volume relations the left atrial appendage will increase 
hemodynamic function in states of pressure and volume overloaded left 
atrium, this is due to the increased distensibility of the left atrial appendage. 
 
 About 30% of all cardiac atrial natriuretic factor were present in atrial 
appendages. The density of atrial natriuretic factor granules was high in the 
left atrial appendage. Amyloidosis has predilection for left atrial appendage. 
The major protein in atrial amyloidosis is atrial natriuretic factor.  
 
The neural supply to atrial appendages is diverse. There will be an 
increase in urine flow and sodium excretion, when the atrial appendage is 
distended experimentally without increasing the pressures in the right or left 
atrium or aorta. This is due to the stretch sensitive receptors in the atrial 
appendage. When bases of both appendages were crushed this effect is lost.  
The stretch receptors also cause an increase in the heart rate mediated 
by the sympathetic efferent pathway. Hence left atrial pressure is maintained 
by left atrial appendage via stretch sensitive receptors which when activated 
increase natriuresis, heart rate and diuresis. Also the distensibility of left 
atrial appendage and through atrial natriuretic factor secretion helps maintain 
the left atrial pressure. (10) 
 
IMAGING OF THROMBUS IN LEFT ATRIAL APPENDAGE 
 Left atrial appendage lies between the left ventricle and pulmonary 
outlet region in a normal cardiac skiagram. Previously angiography has been 
used extensively for diagnosing thrombi in the left atrial appendage. (11) 
Being an invasive procedure it is not done nowadays. Transthoracic 
echocardiography has limited diagnostic utility in the imaging of thrombus 
in left atrial appendage.  
 A highly accurate imaging was done through transesophageal 
echocardiography. This semi-invasive imaging technique is a valuable tool 
for diagnosing thrombus in the left atrial appendage. For diagnosing thrombi 
in left atrial appendage transesophageal echocardiography has 100% 
sensitivity and 99% specificity. The positive predictive value of 
transesophageal echocardiography for diagnosing left atrial appendage 
thrombus is 86% and a negative predictive value is 100 %.( 12) 
If the length of the time in atrial fibrillation is more than 48 hours, 
current guidelines recommend oral anticoagulation at least 3 weeks prior to 
and 4 weeks following direct current cardioversion.(13) A transesophageal 
echocardiogram can be performed while the patient is on intravenous 
heparin with a goal aPTT of 1.5 to 2.0 and if no identifiable thrombus is 
found, direct current cardioversion can safely be performed, followed by 
oral anti-coagulants with a goal INR of 2.0-3.0.(14)  
In the assessment of cardioversion using transesophageal 
echocardiogram (ACUTE) study, transesophageal echocardiography 
screening of patients with atrial fibrillation prior to cardioversion was 
compared to conventional approach based on 3 weeks of anti-coagulant 
therapy. Both groups were continued on warfarin for 4 weeks after the 
cardioversion. There was no difference noted in the embolic event rate or 
maintenance of sinus rhythm, TEE cardioversion minimized the duration of 
atrial fibrillation and increases the likelihood of success. (15) 
 The size, flow velocity and flow patterns of left atrial appendage are 
related to thrombus formation. An enlarged left atrial appendage is 
associated with thrombus formation and subsequent embolisation as 
evidenced by studies with transesophageal echocardiography. Around 60% 
of patients with enlarged left atrium on transesophageal echocardiography 
have and enlarged left atrial appendage. About 15% of the patients with a 
normal left atrium have an enlarged left atrial appendage. 
 A light grey haze which was swirling inside the great vessels and 
veins had cardiac chambers called spontaneous echo contrast (SEC) first 
described by Feigenbaum in 1975 is observed in conditions of low blood 
flow velocity such as rheumatic mitral stenosis, dilated  left atrium, 
dyskinetic segments of left ventricle and mitral valve prosthesis. SEC 
represents intracardiac erythrocyte or platelet microaggregates. It may be a 
precursor for thrombus formation.  
 
 In patients with left atrial appendage thrombus, left atrial appendage 
size is larger both in patients with sinus rhythm and atrial fibrillation. In 
patients with chronic atrial fibrillation the appendage area is significantly 
larger in patients with thrombus when compared with patients who do not 
have thrombus. (16) 
 
Velocity and Pattern of Flow in Left Atrial Appendage 
 The velocity of flow at the orifice of the appendage is determined by 
Doppler TOE. In patients in sinus rhythm and atrial fibrillation and absent or 
reduced left atrial appendage inflow and outflow velocities were associated 
with spontaneous echo contrast and formation of thrombus. 
 In patients with history of systemic embolization the left atrial 
appendage filling and emptying velocities are reduced. (17) Based on Doppler 
transesophageal echocardiography the pattern of flow in left atrial 
appendage is classified into three types :( 5) 
 Type 1 – Sinus rhythm patients with regular pattern of filling and 
emptying. 
 Type 2 – Atrial Fibrillation patients with saw tooth pattern 
 Type 3 – Atrial Fibrillation patients with no waves identified. 
 
 The incidence of thrombus formation and spontaneous echo contrast is 
high in patients with type 3 flow pattern, when compared with type 1 and 
type 2. The flow patterns were related to the appearance of fibrillatory waves 
on the electrocardiogram. In coarse atrial fibrillation the left atrial appendage 
ejection fraction and emptying velocity were reduced and this was 
associated with a high incidence of thrombus and spontaneous echo contrast. 
Patients with fine atrial fibrillation have lesser incidence of thrombus and 
SEC.  
 There are two proposed causes for left atrial appendage dysfunction in 
patients with atrial fibrillation: 
1. Myopathic process resulting in atrial Fibrillation 
2. Atrial fibrillation resulting in myopathic process 
 In patient with atrial flutter, left atrial appendage flow pattern shows a 
regular pattern and high emptying velocities when compared to patients in 
atrial fibrillation. Hence atrial flutter will have low incidence of 
thromboembolism. (18) 
 The thromboembolic risk is determined by the size as well as the 
mobility of the thrombus. A thrombus that are pedunculated, mobile and 
more than 15 cm are at high risk for thromboembolism. Post cardioversion 
with drugs or with DC shock, some of the patients with atrial fibrillation will 
have decreased mechanical function of left atrium for a variable period, 
following reverting to sinus rhythm. Studies on left atrial appendage 
function also show depressed mechanical function following cardioversion. 
(19)
 
 The inflow and outflow velocities of the left atrial appendage are 
decreased following successful cardioversion of atrial fibrillation. 
Spontaneous echo contrast also develops after successful cardioversion. The 
depressed atrial function results in thrombus formation. The term stunning is 
used to denote depressed atrial mechanical function after cardioversion.  
 DC cardioversion per-se causes damage to the atrium and appendage 
with the resulting depressed function and stasis. This was challenged by the 
subsequent studies on patients, which showed that stunning also occur in 
pharmacological as well as spontaneous cardioversion.  
              Atrial mechanical dysfunction is not seen in patients who receive 
shock for ventricular tachycardia. The depressed atrial mechanical function 
following cardioversion is due to atrial and left atrial appendage myopathy 
caused by atrial fibrillation. The depression of function is also related to the 
chronicity of atrial fibrillation. 
Patients in sinus rhythm, with underlying left ventricular dysfunction 
are also associated with left atrial thrombus formation. (20) About 15% of 
patients with dilated cardiomyopathy, in sinus rhythm have thrombi in the 
left atrial appendage. A small proportion of patients with history of TIA, 
stroke, systemic embolism without significant carotid stenosis do have 
thrombi in left atrial appendage. 
The continuous formation and dissolution of thrombi in left atrial 
appendage makes it a dynamic process. This has been correlated to raised 
serum concentrations of Fibrinopeptide A, that reflects thrombin mediated 
fibrin formation and D- dimer which is a fibrinogen degradation product. (21) 
Patients who were treated with warfarin for 4 weeks, showed clot 
dissolution which was confirmed by transesophageal echocardiography. The 
disappearance of thrombi suggests that the clot formation and lysis is a 
dynamic process. The role of endothelium and platelets in left atrial 
appendage clot formation is not known. 
Warfarin is used in the prophylaxis of stroke in atrial fibrillation. 
Because of its narrow therapeutic index and bleeding complications 
alternative treatment such as obliteration of left atrial appendage can be 
tried. The procedure is technically challenging and may result in unfavorable 
hemodynamic and hormonal effects which could have an impact on patients 
with left ventricular dysfunction and valvular heart disease. Left atrial 
appendage is the sole location of thrombi in only about 60% of patients with 
mitral valvular disease. Hence left atrial appendage obliteration will not 
prevent all episodes of thromboembolism. 
 
Echocardiographic Assessment of Left Atrial Appendage 
The assessment of appendage function was described initially by 
Suetsugu et al and by Pollick and Taylor and has now become incorporated 
into the routine transesophageal examination.(23,24) The imaging of left atrial 
appendage has been done primarily in 2 basic biplane tranesophageal views, 
the horizontal and longitudinal views.(22) 
1. The horizontal view is a short axis view at the base of the heart 
2. The longitudinal view is a two chamber view of the left ventricle 
and atrium. 
The appendage can be visualized in a continuum of intermediate 
planes by multi-plane Transesophageal echocardiography. Transpulmonary 
injection of contrast agents have been used to improve the Doppler 
recordings and echocardiographic images to visualize the appendage. Left 
atrial appendage is a posterior cardiac structure. 
           Transesophageal imaging can easily visualize left atrial appendage. 
By transthoracic echocardiography, left atrial appendage can be imaged by 
parasternal short axis view at the level of base of heart and also by apical 
two chamber view. However transesophageal approach is necessary for 
adequate visualization of left atrial appendage especially in elderly 
population. Recently it has been suggested that Doppler imaging of 
appendage can be done through transthoracic approach. 
 A complete assessment of left atrial appendage includes 2D imaging 
of its size, morphology and contraction. A quantitative assessment of left 
atrial appendage function is done through pulse-Doppler imaging of left 
atrial appendage flow.(25) In addition the left atrial size, left ventricular 
systolic and diastolic function and the associated mitral valve disease should 
be assessed and correlated with the left atrial appendage function, 
 
2D Evaluation of Left Atrial Appendage 
 Previously the appendage area and ejection fraction has been 
calculated. This is not relevant clinically because the appendage cross 
sectional area is inclined to have considerable inter-observer variability. This 
is due to the fact that appendage is a complex structure and hence the 
standard imaging is limited. 
 The assessment of left atrial appendage function by planimetry 
method is time consuming and it doesn’t offer any advantage over gross 
estimation of left atrial appendage size and function. In contrast Doppler 
imaging of left atrial appendage function can be performed easily. It is also 
reproducible and relevant clinically. 
In an autopsy study about 80% of atrial appendage was multi lobed 
and 59% was bilobed. The appendage should be imaged precisely be a multi 
plane trans-esophageal echocardiogram. 
    The presence of spontaneous echocardiographic contrast and its semi 
quantitative grading and also the presence of complex structure of left atrial 
appendage, trans-esophageal echocardiography will both over diagnose and 
under-diagnose the lesions.(26) There may be false interpretation of 
prominent pectinate muscles as thrombus and the presence of occult thrombi 
in multi-lobed appendages is missed. 
 
Doppler Evaluation of Left Atrial Appendage Function 
 Colour flow imaging guided, Doppler interrogation of left atrial 
appendage flow should be selected. The sample volume location size is not 
standardized whether to keep the sample volume at appendage – left atrial 
junction or at varied sites within the left atrial appendage cavity. The varied 
location of sample volumes within the appendages will produce significant 
changes in measured velocities, is also not known. The velocities obtained at 
the narrowed middle portion of left atrial appendage were higher than the 
velocities obtained at the wider orifice of 
 
Figure showing Doppler evaluation of LAA by TEE
 As a routine colour flow imaging guided, sample volume placement at 
the site of maximum flow velocities should be employed for 
appendage flow. The sample volume placement in the more distal portion of 
the appendage should be avoided because of 
wall motion. In practice maximal left 
left atrial appendage. 
 
 
Doppler artifacts caused by 
atrial appendage flow velocities can be 
left atrial 
obtained within the proximal third of the appendage. 
 
Doppler Flow Patterns of Appendage in Sinus Rhythm 
1) LAA contraction – Positive wave toward the transesophageal 
transducer. Related to mitral flow in late diastole.(27) 
2) LAA filling – Negative wave away from the transducer. 
3) Reflection waves during systole – these are passive waves both 
outward and inward waves that follows contraction and filling 
waves. 
4) Early diastole wave – early emptying wave that correlates with 
rapid early diastolic inflow into the ventricle.(28) 
The early diastolic wave and the appendage contraction wave fuse, 
resulting in total higher velocities in patients with sinus tachycardia.  
 
Mitral Valve Disease and Left Atrial Appendage 
 In Mitral stenosis which is hemodynamically significant, there will be 
increased resistance to left atrial appendage emptying both during active and 
passive phases. This will cause lowered velocities of left atrial appendage 
flow, irrespective of the rhythm. 
  
 A study by Hwang et al, in patients with rheumatic mitral valve 
disease and without rheumatic heart disease has also shown that the 
contraction velocities of left atrial appendage were decreased irrespective of 
the patients in sinus rhythm and atrial fibrillation. (29) 
 A study by Lin et al also showed that in patients with atrial fibrillation 
and mitral stenosis, the normal increase in the left atrial appendage flow 
during diastole is impaired; this is due to hemodynamically significant 
stenosis. (30) 
 In patients with hemodynamically significant mitral stenosis and atrial 
fibrillation, the velocities obtained from the left atrial appendage will be 
lower or absent. Whereas in patients with atrial fibrillation and non-
rheumatic etiology there is a wide difference in the left atrial appendage 
flow velocities ranging from ≥ 25cm/ sec which was taken as high and <25 
cm/ sec which was taken as low.(31)   
           The elevated left atrial pressures hemodynamically significant mitral 
stenosis influences the function of left atrial appendage. Also the 
inflammatory process off rheumatic heart disease involves the left atrium 
and left atrial appendage. Another cause is atrial myopathy, resulting from 
chronically elevated left atrial pressures. 
  
In a study by Lee et al in asymptomatic patients with mitral valve 
prosthesis, left atrial spontaneous echo contrast was present. This is due to 
the effect of longstanding pressurised valvular disease on the function of left 
atrial and left atrial appendage and also due to the stenosis of the prosthetic 
valve. (32) The recovery of left atrial appendage function following balloon 
mitral valvotomy is due to the hemodynamic relief of the valvular stenosis. 
This is due to the fall in the transmitral pressure gradient.  
Transesophageal echocardiogram performed after balloon valvotomy 
showed resumption of left atrial appendage function. This is seen within 24-
72 hours post procedure. This effect is also seen in patients with atrial 
fibrillation as well as in sinus rhythm. (33) Mitral regurgitation on the other 
hand which is hemodynamically significant also impairs the function of left 
atrial appendage. This is due to the dilation of left atrial appendage and left 
atrium and also due to the elevation of filling pressures. In spite of decrease 
of left atrial appendage function by mitral regurgitation, it also doesn’t cause 
thromboembolism due to the prevention of stasis of blood in left atrium. 
There were few studies in the past for patients in sinus rhythm with 
rheumatic heart disease with mitral valve involvement and its impact on the 
left atrial appendage dysfunction. Left atrial and left atrial appendage 
spontaneous echo contrast was more common in patients with reduced flow 
velocities of the appendage. 
 Larger prospective trials should throw light on the possible role of left 
atrial appendage dysfunction in those patients with sinus rhythm and its 
implications for future thromboembolic events. This should also address 
whether left atrial appendage dysfunction also predisposes to the 
development of atrial fibrillation.  
 
THE MITRAL ANNULUS AND THE MITRAL VALVE 
 The role of mitral annulus for proper functioning of Mitral valve, left 
atrium and left ventricle cannot be overemphasized. During systole the 
mitral annular movement will be towards apex and during diastole the 
annulus moves towards the left atrium. The movement of the mitral annulus 
will produce a suction effect and it aids filling of left atrium by a suction 
effect. The annular movement towards atrium during diastole also aids in 
emptying of left atrium by reduction of left atrial volume. (34) 
 
Normal Long Axis Function 
The left ventricle has both longitudinal and circumferential fibers. The 
majority of fibers of left ventricle are arranged circumferentially. Both fibers 
contribute to ejection fraction. The longitudinal fibers contract earlier than 
circular fibers. The long axis of the ventricle goes from the apex to the base 
of the heart. The anatomical definition of the apex is precise, whereas the 
base of the heart is conveniently fixed at the atrioventricular rings. (35) 
The atrio-ventricular interaction is such that during ventricular systole 
the AV rings moves towards the apex. This leads to the increased volume of 
atria as its floor move caudally and this creates a suction effect of blood into 
the atria from pulmonary veins and vena cavae. 
 The shortening of long axis during systole was around 10-12% and the 
short axis falls by 25%. This leads to the cavity becoming less spherical. The 
contribution of longitudinal fibers to the systolic work done by the ventricle 
is less, in comparison with circumferential fibers. The contribution of 
longitudinal fibers gain significance due to its important role in mediating 
AV interactions during systole and diastole.  
  Zaky and colleagues were the first to describe the mitral annular 
motion. They initially described the motion of the annulus was from base to 
apex. Having complex 3D motion pattern, the annular ring as got 3 
components 
1) Annular motion along long axis of the ventricle from basal region 
to the apical region. 
2) Rotation of the mitral annular ring 
3) Sphincter like movements 
In a study by Simonson and Pai et al, published in American Journal 
of Cardiology in the year 1991, showed that a strong correlation exists 
between left ventricular ejection fraction and the annular displacement 
during systole measured by M-mode echocardiography. Both longitudinal 
and radial functions were affected in cardiac diseases. There will be early 
involvement of long axis myocardial function than the radial function.  
Tissue Doppler during echocardiographic evaluation helps in the assessment 
of longitudinal myocardial function. (36) 
 The calculation of annular velocities is an established method of 
assessment of global left and right ventricular function. The annular systolic 
velocity is highest in the lateral annulus. This is due to the abundance of 
longitudinal fibers in the free wall of left ventricle. 
 A simple and reliable method for calculating the global and 
longitudinal left ventricular systolic function is the calculation of mitral 
annular systolic velocity obtained by tissue Doppler imaging. Lower mitral 
annular systolic velocity in the septal side is due to the abundance of circular 
fibers in that area and also due to the influence of right ventricle on the 
movement of septum. 
The pathologic changes that leads to mitral stenosis include 
commissural fusion, thickening of mitral apparatus, impaired mobility, 
calcification and chordal fusion. In a study done by Kuytulos et al published 
in the Journal of American Society of Echocardiography, showed that 
reduction in systolic myocardial velocities in mitral stenosis is due to 
functional changes rather than myocardial pathology. The reduction in 
myocardial systolic velocities also show a negative correlation with mitral 
valve area. 
 
 
 
 
 
 
 
 
 
 
 
 
METHODOLOGY 
 
STUDY DESIGN 
 The present study was a prospective study based on semi invasive 
procedure conducted in the department of cardiology in Madras Medical 
College and Rajiv Gandhi Government General Hospital for a period of 
three months from January 2014. Informed written consent was obtained 
from all the patients prior to the start of the study. Institutional ethics 
committee approval was obtained. 
 
STUDY POPULATION AND PATIENT SELECTION 
 The total number of patients selected for the study was 60. The 
selection criteria of patient were as follows: 
 
INCLUSION CRITERIA 
• Patient with moderate to severe Mitral Stenosis with MVO <1.5 cm2 
were included in the study. 
EXCLUSION CRITERIA 
• Mitral regurgitation – Moderate and severe 
• Aortic regurgitation – Moderate and severe 
• Aortic stenosis 
• Post PTMC or CMC 
• Congestive heart failure 
• Patients on oral anti-coagulants 
• Hypertension 
• Hyperthyroidism 
• Diabetes mellitus 
• Coronary artery disease 
• Patient unwilling for transesophageal echocardiography 
• Pregnancy and puerperium 
METHODS 
 All eligible patients underwent detailed history and clinical 
examination. A 12 lead electrocardiogram was taken. Atrial fibrillation 
diagnosis was based on electrocardiogram. 
ECHOCARDIOGRAPHIC DATA 
 Echocardiographic evaluation was done for all patients with Phillips 
HD 7XE echocardiographic machine. For transthoracic echo imaging a 2 
Megahertz probe and for transesophageal echocardiography 5Megahertz 
multi plane probe were used. Various echocardiographic parameters were 
measured as follows: 
1) LVEF 
 By modified Simpson’s method 
2) MVO 
 By planimetry in PSAX view 
 By Pressure half time 
3) Trans-mitral mean gradients 
4) Trans-mitral peak gradients 
 Calculated using modified Bernoulli equation. 
5) LA size (PLAX view) 
 AP diameter measured at end systole 
6) Tissue Doppler imaging 
• A4C view 
• Pulse wave sample volume location – lateral corner of mitral 
annulus 
• Activation of TDI function 
• Velocity scale selected 30cm/sec 
• Sweep speed selected - 50mm/sec 
• Sector angle <60° 
• Minimal optimal gain settings such that trans
signals eliminated
• Adjustment of Doppler signal filters such that Nquist limit were 
between -20 and +20 cm/sec
Three important velocities reordered
1) Systolic myocardial velocity which was a positive wave 
2) Em and Am waves which were negative waves and occur during 
diastole   
Figure 1 showing three important velocities in TDI of Mitral annulus
 
-mitral flow 
 
 
: 
 
 
 
Grading of Mitral Stenosis 
 Mild 1.5- 2.5 cm2 
 Moderate 1.0 – 1.49 cm2 
 Severe <1 cm2 
Transesophageal Echocardiography 
• Lignocaine was used for local anaesthesia 
• LA appendage visualized in 2 orthogonal views 
1) A short axis view in the horizontal plane at the base of the heart 
at about 45° 
2) With 90° to 120° transducer rotation and counter clockwise 
rotation of probe 
 All patients were instructed for fast for at least 4 hours prior to TEE 
 The thrombus and transduction in left atrial appendage were 
distinguished by visualizing in more than 1 view. The tuberculation in the 
appendage were more linear and were in continuity with the atrial wall. 
 Thrombi tend to project into the left atrial appendage and have an 
independent motion. Thrombus mobility and size were noted. Size of 
thrombus was measure in major and minor dimensions. 
The appendage was visualized by zooming and the gain settings 
optimized to reduce gray-noise artefacts. 
Spontaneous ECHO contrast was identified by clouds of echoes which 
are dynamic and slow curling in a circular shape. The Echo contrast was 
graded as follows(37) 
 0 – Absent 
 1+ - Only mild echogenicity present 
 Not seen with the gain settings that are used for conventional 2D Echo 
imaging. 
 2+ - Mild to moderate echogenicity noted. Seen without optimizing 
gain settings 
 3+ - The swirling pattern is moderately dense and was seen 
throughout the cardiac cycle. 
 The density is less when compared within the left atrium 
 4+ - Severe intensity and comparable to those in the main cavity 
 Pulse Doppler imaging was used to assess the function of left atrial 
appendage. The sample volume is placed just inside the orifice of the 
appendage. The maximum velocity during the atrial systole was measured. 
This velocity was taken as peak LAA emptying velocity. A cutoff value of 
<25cm/Sec was taken as inactive appendage.  
 The study population was divided into three groups 
 Group A1 – Patients in Sinus rhythm and peak emptying velocity of 
appendage of >25cm/Sec 
 Group A2 – Patient in Sinus rhythm and peak emptying velocity of 
appendage of <25cm/Sec 
 Group B – Patient in Atrial fibrillation 
 
STATISTICAL ANALYSIS 
 
Categorical variables between the groups were compared using chi-
square test. Continuous variables are tabulated as Mean and Standard 
Deviation. Unpaired Student t test had been used for the analysis of the 
Continuous variables. Then multivariate analysis was done to assess the 
relative importance to the predictors of the LAA inactivity. The parameters 
included in multivariate analysis were age, left atrial dimension, mitral valve 
area, gradients across the mitral valve and S wave velocity. A receiver 
operator characteristic curve analysis was performed to know the cut-off  
point of S wave velocity to predict the LA appendage dysfunction in sinus 
rhythm patients.  The statistical analysis was performed by using. Software 
Package for social Studies (SPSS) Version 17.0. 
 
Figure 2: TEE - Measurement of LA appendage emptying Velocity 
 
Figure 3: TEE showing LA spontaneous echo contrast 
 
Figure 4: TDI of Lateral Mitral Annulus
 
Figure 5: TEE showing LA appendage thrombus 
 
 
Results and Analysis of Observed Data 
 
 
 Total number of patients in our study were 60. Among 60 patients, 40 
were in sinus rhythm constituting 66.7 % of the study population and 20 
were in atrial fibrillation constituting 33.3 %. Hence patients were divided 
into 2 groups, Group A – sinus rhythm patients and Group B – patients with 
atrial fibrillation. The patient characteristics regarding rhythm is depicted in 
Table No. 1 and Figure No. 1. 
  
 
Table No 1: Patient Characteristics 
 
 
Patients in 
Sinus rhythm Patients in AF Total 
Number of 
patients 40 20 60 
Percentage 66.7 % 33.3 % 100 % 
 
 
 
 
 
 
 
 
 
Figure 1: Patient Characteristics
 
 
 Regarding gender distribution, 20 patients were male among the total 
study population of 60. Females are more common with 40 patients. Among 
group A, 14 patients were males and 6 patients were females. In 
fibrillation group, 14 patients were females
both subgroups female patients outnumbered male patients.
 
Table 2: Gender distribution of patients
Gender No. of 
patients
Male 14
Female 26
Total 40
 
 
33%
 
 and 6 patients were males. In 
 
 
Group A Group B
 
Percentage No. of patients Percentage
 35 % 6 
 65 % 14 
 100 % 20 
67%
 
atrial 
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Gender distribution of patients among groups are shown in Table No. 
2 and Figure No. 2. 
 
 In our study, 37 (61.6 %) patients were in the age group of 20 
years. The remaining 23 patients were in the age group of 30 
patient in our study has age more than 40 years or less than 20 years. In 
Group A 65 % of the patients were in a
Group B 55 % of the patients were in age group of 20
and age wise distribution of the study population among groups are not 
statistically significant. The age wise distribution of the patients are show
in Table no. 3 and in Figure No. 3.
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 Table 3: Age Wise distribution of patients
Age in years No. of 
patients
20 - 29 26
30 - 40 14
Total 40
Figure 
 
 
Baseline Characteristics between Group A and Group B
 
 The mean age for Group A is 26.7 years and for Group B is 29.3 
which was not statistically significant. The mean left 
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Group A Group B
 
Percentage No. of patients Percentage
 65 % 11 
 35 % 9 
 100 % 20 
 
 
 
3: Age Wise distribution of patients 
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Group A patients was 45.7 mm and Group B was 54.5 mm. The difference in  
LA diameter between the two groups is statistically significant. (p <0.001).  
 
Table 4: Baseline Characteristics 
Characteristics 
Group A Group B 
p Value Significa
nce 
Mean ± SD Mean ± SD 
Age (yrs) 26.73 ± 5.6 29.36 ± 5.7 0.098 NS 
Sex (M / F) 14 / 26 6 / 14 0.699 NS 
LAD (mm) 45.7 ± 9.1 54.5 ± 7.2 < 0.001 Sig 
MVA (cm2) 1.07 ± 0.18 0.76 ± 0.22 < 0.001 Sig 
Ejection Fraction (%) 63.3 ± 2.1 65.1± 1.2 0.087 NS 
Mean Gradient (mmHg) 15.0 ± 7.3 11.5 ± 2.5 0.009 Sig 
Peak Gradient (mmHg) 22. 5 ± 8.4 21.3 ± 2.7 0.406 NS 
 
 
 Mean mitral valve area is smaller in Group B with mean of 0.76 cm2  
compared to Group A with mean of 1.07 cm2 . The difference between both 
groups are statistically significant. (p <0.001). Left ventricular ejection 
fraction is similar in both groups and does not achieve statistical 
significance. Mean gradient (MG) across mitral valve was has mean of 15 
mmHg in Group A whereas in Group B it is 11.5 mmHg. The difference of 
means of mean gradient is statistically significant. (p = 0.009). The 
difference between peak gradients in both the groups was not statistically 
significant. The mean values and p values are tabulated in Table no. 4 
 
Table 5: TDI and TEE Variables 
 
Characteristics 
Group A Group B 
p Value Significa
nce 
Mean ± SD Mean ± SD 
Sm Velocity (cm/sec) 17.1± 3.7  12.3 ± 1.0 < 0.0001 Sig 
Em (cm/sec) 13.8 ± 1.8 12.7 ± 2.3 0.070 NS 
Am (cm/sec) 14.8 ± 2.7 - - - 
Laaev (cm/sec) 24.3 ± 9.4 4.5 ± 2.2 < 0.001 Sig 
% of patients with SEC 22 (55 %) 20 (100%) < 0.001 Sig 
% of patients with 
thrombus 2 (5%) 11 (55%) <0.001 Sig 
 
Peak annular systolic velocity (S’) is statistically significant between 
Group A and Group B. (p<0.0001). Mean Sm velocity in Group A is 17.1 
cm/sec and in Group B is 12. 3 cm/sec. Mean early diastolic annular velocity 
(Em) is 13.8 cm/sec in Group A and 12.7 cm/sec in Group B. The difference 
between 2 groups is statistically not significant. Mean late diastolic annular 
velocity in Group A is 14.8 cm/sec. Group B patients does not have late 
diastolic velocity as Am wave is absent in atrial fibrillation patients. Left 
atrial appendage emptying velocity is different between both groups. In 
Group A patients the mean Laaev is 24.3 cm/sec and in Group B patients the 
mean Laaev is 4.5 cm/sec. The difference between both groups is 
statistically significant. (p < 0.001).  
22 patients of Group A were having spontaneous echo contrast (SEC) 
constituting 55 % of that population. All 20 patients in Group B had 
spontaneous echo contrast. The difference is statistically significant. (p < 
0.001). Left atrial appendage thrombus was found in 2 persons in Group A 
and 11 persons in Group B which corresponds to 5 % and 55 % of the study 
groups respectively. The difference in occurrence of thrombus is statistically 
significant. (p <  0.001). The details of TDI and TEE findings are tabulated 
in Table No. 5 
 18 patients in Group A did not show any spontaneous echo contrast in 
contrary to Group B patients in whom no one was free of spontaneous echo 
contrast. In Group B patients, the number of patients is increasing in an 
ascending pattern as the grade of density of spontaneous echo contrast is 
increasing.  In Group A one patients is having grade 4 SEC whereas in 
Group B 8 patients are having grade 4 SEC. The differences between both 
groups regarding the presence of various grades of SEC are statistically 
significant. (p < 0.001).  The details are depicted in Table No. 6. 
Table 6: Spontaneous Echo contrast density grading 
Group 
0 
Group A 18 
Group B 0 
Total 18 
Figure 4: Shows trend of SEC density in Groups of patients
Comparison between study groups
 The Group A is further sub divided into 2 groups depending upon left 
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atrial appendage emptying velocity. Group A1 is having left atrial appendage 
emptying velocity ≥ 25 cm/sec and Group A2 patients were having left atrial 
emptying velocity < 25 cm/sec. Group B (Atrial Fibrillation group) is kept 
as such and not subdivided as the Laaev < 25 cm/sec in all cases. The 
subgroups are compared within for statistical significance as follows. 
 P1 – Comparison between Group A1 and A2 
 P2 – Comparison between Group A1 and B 
 P3 – Comparison between Group A2 and B 
The distribution of gender and age groups between all 3 subgroups are 
not statistically significant when they are compared within them. The mean 
left atrial dimension was 40.1 mm in Group A1, 50.7 mm in Group A2 and 
54.5 mm in Group B. The difference is statistically significant between 
Group A1 and A2, Groups A1 and B. The difference between Groups A2 and 
B (P3) is not statistically significant. (p3 = 0.162). There is also a 
progressive increase in LA dimension when we move from Group A1 to 
Group A2 to Group B.  
Mean mitral valve area is 1.22 cm2 in Group A1, 0.94 cm2 in Group 
A2 and 0.76 cm2 in Group B. The inter differences in between the three 
groups is statistically significant. Stenosis severity is progressively 
increasing from Group A1 to Group A2 to Group B. Left ventricular ejection 
fraction does not vary significantly between groups. 
Mean gradient and peak gradient were statistically significant between 
groups. Mean and Peak gradients increase progressively as we move from 
Group A1 to Group A2. The Peak and mean gradient in Group B is lesser 
that that of Group A2. The results are tabulated in following Table No. 7 
 
 
Table 7: Patient Groups Characteristics - TTE 
Variable Group A1 Group A2 Group B 
p1 p2 p3 
 Mean ± SD Mean ± SD Mean ± SD 
Age (Years) 26.74 ± 5.32 27.86 ± 6.3 29.35 ± 5.76 0.539 0.150 0.424 
Sex (M / F) 7 / 12 7 / 14 6 / 14 0.816 0.651 0.819 
LAD (mm) 40.1 ± 3.2 50.7 ± 9.8 54.5 ± 7.2 < 0.001 < 0.001 0.162 
MVA (cm2) 1.22 ± 0.15 0.94 ± 0.09 0.76 ± 0.20 < 0.001 < 0.001 0.004 
EF (%) 63.6 ± 2.5 63.0 ± 1.8 65.1 ± 1.3 0.410 0.082 0.203 
MG (mmHg) 8.84 ± 2.1 20.6 ± 5.4 11.5 ± 2.5 < 0.001 < 0.001 < 0.001 
PG (mmHg) 15.4 ± 4.0 29.0 ± 5.7 21.3 ± 2.7 < 0.001 < 0.001 < 0.001 
 
 
Comparing tissue Doppler imaging parameters, the mean peak mitral 
annular systolic velocity (S wave) is 19.4 cm/sec in Group A1, 15.1 in 
Group A2 and 12.3 cm/sec in Group B. The differences between these 3 
groups are statistically significant. There is progressive decreasing trend in S 
wave velocity when we move from Group A1 to Group A2 to Group B. 
There are no statistically significant variations between early diastolic 
velocities (Em) of mitral annulus in between sub groups.  
As the late diastolic mitral annular velocity (Am) is absent in Groups 
B (presence of atrial fibrillation abolishes Am wave), it is only compared 
within Group A1 and A2. The mean Am velocity is 16.1 cm /sec in Group 
A1 and 13.5 cm/sec in A2. The difference in means and standard deviation 
between these groups is statistically significant.  
 
Table 8: Patient Groups Characteristics – TDI & TEE 
Variable Group A1 Group A2 Group B 
p1 p2 p3 
 Mean ± SD Mean ± SD Mean ± SD 
S Wave (cm/s) 19.4 ± 3.5 15.1 ± 2.6 12.3 ± 1.0 < 0.001 < 0.001 < 0.001 
Em (cm/s) 14.3 ± 1.7 13.3 ± 1.8 12.7 ± 2.3 0.120 0.072 0.312 
Am (cm/s) 16.1 ± 2.2 13.5 ± 2.6 - 0.002 - - 
Laaev (cm/s) 31.7 ± 7.2 17.5 ± 5.2 4.5 ± 2.2 < 0.001 < 0.001 <0.001 
% of patients 
with SEC 3 (15.7 %) 19 (90.4 %) 20 (100 %) < 0.001 < 0.001 0.157 
% of patients 
with Thrombus 0 2 (9.5 %) 11 (55%) 0.168 < 0.001 0.002 
 
 
The mean left atrial appendage emptying velocity in Group A1 is 31.7 
cm/sec, in Group A2 is 17.5 cm/sec and in Group B is 4.5 cm/sec. There is 
statistically significant difference between sub groups when analyzed. There 
is also a progressive decreasing trend when we move from Group A1 to 
Group A2 to Group 3. 
Laaev is depicted in the figure below. 
Figure 5: Bar graph showing decreasing Laaev, Sm and Am wave
3 patients in Group A1 had spontaneous echo contrast constituting 
15.7 % pf that population, Group A2  had 19 patients were having SEC 
constituting 90.4 %. In Group B, all the patients had spontaneous echo 
contrast. The difference between Groups A1 and A2 
and Group B is statistically significant. The difference between Group A2 
and Group B is not statistically significant. (p = 0.157). No patients in Group 
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A1 had any thrombus whereas 2 patients in Group A2 had thrombus. 11 
patients in Group B had thrombus as already discussed above. The 
difference between Group A1 and A2 is statistically not significant (p= 
0.168). The difference between Groups A1 & B and Groups A2 & B were 
statistically significant. The details of differences in TDI and TEE 
parameters are shown in Table No.8. 
  
16 patients in Group A1 did not show any spontaneous echo contrast, 
in Group A2 two persons does not have any spontaneous echo contrast  in 
contrary to Group B patients in whom no one was free of spontaneous echo 
contrast. Grade 3 and Grade 4 SEC is absent in Group A1 patients whereas 5 
persons in Group A2 & Group B had Grade 3 spontaneous echo contrast. 
Grade 4 spontaneous echo contrast is present in only one patient in Group 
A2 whereas 8 persons in Group B had Grade 4 SEC. The difference is 
statistically significant as depicted in the Table No. 9 below.  
 
 
 
 
 
 
 
Table 9: Spontaneous Echo contrast density grading within Groups 
SEC Group A1 Group A2 Group B p1 p2 p3 
Grade 0 16 2 0 
< 0.001 
 
< 0.001 
 
0.049 
 
Grade 1 2 6 4 
Grade 2 1 7 3 
Grade 3 0 5 5 
Grade 4 0 1 8 
Total 19 21 20 
 
 
The relationship between left atrial appendage emptying velocity and 
peak annular systolic velocity was studied using Pearson correlation. There 
was positive correlation between these two variables which are statistically 
significant. (Pearson correlation coefficient r = 0.944, p value < 0.001). The 
relationship between Laaev and S wave is depicted in scatter plot in Figure 
No.6. 
There was positive correlation between left atrial appendage emptying 
velocity and mitral annular late diastolic velocity in patients in sinus rhythm. 
The Pearson Correlation coefficient r = 0.695 (p < 0.001). The relationship is 
shown in scatter diagram in Figure No. 7  
. 
 Figure 6: Correlation between Laaev and S wave 
 
 
 
 
Figure 7: Correlation between Laaev and S wave 
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Pearson       r = 0.952 
Significance   p < 0.001 
Pearson       r = 0.695 
Significance   p < 0.001 
 The cutoff value of peak annulus systolic velocity which is derived from analysis 
of receiver operator characteristic curve is 13.5 cm/sec. The area under the curve is 0.840 
with confidence interval 0.689 to 0.936 and the p value < 0.001. This value predicts 
inactive LAA (Laaev < 25 cm/sec) with a sensitivity of 92 % and specificity of 96.5 %. 
ROC curve is shown in Figure No. 8. 
 
Figure 8: ROC Curve 
 
 
 
Peak Annular Systolic Velocity (cm/sec)
0 20 40 60 80 100
0
20
40
60
80
100
100-Specificity
Se
n
s
iti
v
ity
DISCUSSION 
 
 Rheumatic heart disease and the long term consequence of mitral 
stenosis is a major challenge in many developing countries like India. Over 
the years a lot of research has been done to understand the pathophysiology 
and complication of this chronic disorder. Though there has been a good 
progress, a lot of questions still remain unanswered and contributing to the 
morbidity associated with this condition. 
 The major morbidity and mortality in patient with mitral stenosis were 
due to thromboembolism. Thromboembolic events are more common in 
patient with mitral stenosis and atrial fibrillation. Patient in sinus rhythm 
were also at increased risk. Recently much attention has been focused on LA 
appendage and its emptying velocity.  
 Anti-coagulants therapy is not introduced for all patients in sinus 
rhythm. High risk individuals only need anticoagulation treatment. In 
patients with mitral stenosis the movement of mitral annulus is decreased 
due to scarring and inflammatory process. In a study done by ozer N et al 
showed that patients with mitral stenosis long axis function of left ventricle 
measured by TDI were reduced. In our study also the annular velocities 
obtained by tissue Doppler were reduced.(38)  
 The mean age of patient in our study was 28 years which is in 
concordance with the world literature. The study population was 
predominantly female, which is also consistent with epidemiology of the 
disease. The average age of patients in various studies ranges from 28 – 34 
years, with the less predominance of patients over the age 30 years.  
 In our study positive correlation exists between annular systolic 
velocity and LAA emptying velocity. In those patients with reduced annular 
systolic velocities, the left atrial appendage emptying velocity was also 
reduced. In those patients with reduced annular systolic velocity the 
spontaneous echo contrast, frequency and density were also increased. 
 In a study done by Hoiat et al, the left atrial appendage flow velocity 
was evaluated by altering the loading conditions on the left atrium and they 
showed that the early emptying velocity was reduced significantly. They 
also found that the left ventricular systolic function is an important causal 
factor in the late emptying velocity of the appendage.(8) 
 In a study published in the Journal of American Society of 
Echocardiography by Tabata et al, showed that in patients with sinus rhythm 
elevated left atrial pressures will decrease left atrial appendage emptying 
velocity and predisposes to thrombus formation.(39) 
 In our study patients with left atrial appendage emptying velocity less 
than 25 cm/s have smaller MVA, higher gradients across the mitral valve 
and reduction in the annular velocities than patients who have emptying 
velocities more than 25 cm/s. 
 In a study done by Sait Mesut et al, they also demonstrated decreased 
peak mitral annular systolic velocities in patients with mitral stenosis. But 
they did not compare the annular velocities with emptying velocities. Instead 
they suggested it could be an early sign of myocardial abnormality.(40) 
 Previously reported studies showed negative correlation between 
systolic annular velocity and mitral valve area. But our study showed 
positive correlation between systolic annular velocity and mitral valve area. 
 In a study by Bilge et al showed that left atrial emptying velocity was 
reduced in patients with untreated hypertension. They showed if an elevated 
after load was imposed on left atrium and appendage, the emptying velocity 
of the appendage was also reduced. They also demonstrated spontaneous 
echo contrast and thrombus in those patients.(41) 
 
In a study by Golbasi et al which was done in patients with mitral 
stenosis and sinus rhythm, left atrial appendage contractile dysfunction is 
more common in those patients with spontaneous echo contrast.(42) 
 Our study also showed that group A2 patients with emptying velocity 
less than 25 cm/s also had increased frequency spontaneous echo contrast 
and thrombus formation. 
Cayli et al also showed in patients with mitral stenosis in sinus 
rhythm, the presence of spontaneous echo contrast is directly related to the 
lower annular systolic velocity.(43) 
 Reported incidence of thrombus in the studies done in the past ranges 
from 0 to 14% in patients with mitral stenosis and sinus rhythm. 
 In our study of 21 patients in group A2, two patients had left atrial 
appendage thrombus. Smaller percentage of thrombus in sinus rhythm 
patients could be related to our smaller study group. 
 In our study there was no correlation between Em velocity and left 
atrial appendage emptying velocity but there is a correlation between Laaev 
and Am velocity in sinus rhythm patients. Multivariate regression analysis 
showed that the annular systolic velocity alone is an independent predictor 
of inactive left atrial appendage. This result showed that long axis function 
was diminished in mitral stenosis patients and could be the most significant 
factor contributing to the appendage dysfunction in mitral stenosis patients 
with sinus rhythm. 
 Cut off value obtained by ROC curve for annular systolic velocity is 
13.5 cm/sec and this predicts inactive left atrial appendage in mitral stenosis 
patients.  
Atrial Fibrillation Group 
 These patients had narrower mitral valve area and larger left atrial size 
as compared to group A patients. Also these patients had lower annular 
systolic velocities and lower emptying velocities of the left atrial appendage. 
This finding will explain the increased prevalence of spontaneous echo 
contrast and thrombus in these group B patients due to significant stasis in 
the appendage. 
 In Framingham Heart Study, patients with mitral stenosis and atrial 
fibrillation have 17 fold increased risk of cerebro-vascular events than 
control population.(44) 
 
 
 
 
 STUDY LIMITATIONS 
 
1. The variables that can be easily accessed by non-invasive echo 
imaging like mitral valve area, mean and peak gradients and ‘S’ 
wave velocity were taken to assess the independent predictors of 
inactive LAA in patients with sinus rhythm. Other parameter like 
atrial pressure and stiffness body function were not taken into 
account. 
2. Only patient with isolated mitral stenosis were taken up for the 
study. 
3. Patients with coronary disease and hypertension can have higher 
cut off value 
4. Healthy control population was not compared. 
5. Study sample was small. Hence studies with large populations 
should be done to correlate the above results. 
 
 
 
 
 CONCLUSIONS 
 
• In patients with mitral stenosis annular systolic and diastolic velocities 
acquired by Doppler tissue imaging were reduced.  
 
• Positive correlation is found between mitral annular systolic velocity 
and left atrial appendage emptying velocity. 
 
• In mitral stenosis patients with sinus rhythm, the systolic annular 
velocity is an independent predictor of contractile function of LAA. 
 
• In mitral stenosis with sinus rhythm lower annular systolic velocity 
can be given consideration for anti-coagulation. 
 
• Patients in AF also have reduced mitral annular systolic velocity and 
LAA contractile function which predicts the higher incidence of SEC 
and thrombus formation in those patients. 
 
 
BIBLIOGRAPHY 
 
1. Al-Saady NM, Obel OA, Camm AJ: Left atrial appendage: Structure, function 
and role in thromboembolism. Heart 1999; 82: 547–555. 
2.  
2.Kannel W, Wolf PA. Epidemiology of atrial fibrillation. In: Falk RH, Podrid PJ, eds. 
Atrial fibrillation: mechanisms and management. New York: Raven Press, 1992:81–92. 
 
3.Sadler TW. Cardiovascular system. In: Langman J, ed. Langman’s medical embryology, 
6th ed. Baltimore: Williamsand Wilkins, 1990:179–227. 
 
4.Pollick C, Taylor D. Assessment of left atrial appendage function by transesophageal 
echocardiography. Implications for the development of thrombus. Circulation 
1991;84:223–31. 
 
5. Garcia-Fernandez MA, Torrecilla EG, Roma DS, et al. Leftatrial appendage Doppler 
flow patterns: implications onthrombus formation. Am Heart J 1992;124:955–61. 
 
6. Mikael Kortz RA, Delemarre BJ, van Dantzig JM, et al. Leftatrial appendage blood 
flow determined by transesophagealechocardiography in healthy subjects. Am J Cardiol 
1993;71:976–81. 
 
7.The Stroke Prevention in Atrial Fibrillation Investigators. Predictors of 
thromboembolism in atrial fibrillation: II. Echocardiographic features of patients at risk. 
Ann Intern Med 1992;116:6–12. 
 
8. Hoit BD, Shao Y, Gabel M. Influence of acutely altered loading conditions on left 
atrial appendage flow velocities. JAm Coll Cardiol 1994;24:1117–23. 
 
9. Davis CA, Rembert JC, Greenfield JC. Compliance of left atrium with and without left 
atrium appendage. Am J Physiol 1990;259:H1006–8. 
 
10. Kappagoda CT, Linden RJ, Saunders DA. The effect onheart rate of distending the 
atrial appendages in dogs. J Physiol (Lond) 1972;225:705–19. 
 
11. Sakomoto I, Hayashi K, Matsunaga N, et al. Coronary angiographic finding of 
thrombus in the left atrial appendage. Acta Radiol 1996;37:749–53. 
 
12. Manning WJ,Weintraub RM,Waksmonski CA, et al. Accuracy of transesophageal 
echocardiography for identifying left atrial thrombi. A prospective, intraoperative study. 
Ann Intern Med 1995;123:817–22. 
 
13. Anderson JL. Acute treatment of atrial fibrillation and flutter. Am J Cardiol 
1996;78:17–21. 
 
14. Salka S, Saeian K, Sagar KB. Cerebral thromboembolizationafter cardioversion of 
atrial fibrillation in patientswithout transesophageal echocardiographic findings of left 
atrial thrombus. Am Heart J 1993;126:722–4. 
15. Asher CR, Klein AL. The ACUTE trial. Transesophageal echocardiography to guide 
electrical cardioversion in atrial fibrillation. Assessment of Cardioversion Using 
Transesophageal Echocardiography. Cleve Clin J Med. 2002 Sep;69(9):713-8. 
 
16. Rubin DN, Katz SE, Riley MF, et al. Evaluation of left atrial appendage anatomy and 
function in recent–onset atrial fibrillation by transesophageal echocardiography. Am J 
Cardiol 1996;78:744–78. 
 
17. Verhorst PM, Kamp O, Visser CA, et al. Left atrial appendageflow velocity 
assessment using transesophagealechocardiology in nonrheumatic atrial fibrillation and  
systemic embolism. Am J Cardiol 1993;71:192–6. 
 
18. Santiago D, Warshofsky M, Li Mandri G, et al. Left atrial appendage function and 
thrombus formation in atrial fibrillation-flutter: a transesophageal echocardiographic 
study. J Am Coll Cardiol 1994;24:159–64. 
 
19. Falcone RA, Morady F, Armstrong WF. Transesophagealechocardiographic 
evaluation of left atrial appendage functionand spontaneous contrast formation after 
chemical or electrical cardioversion of atrial fibrillation. Am J Cardiol 1996;78:435–9. 
 
20. Labovitz AJ, for the STEPS Investigators. Transesophagealechocardiography in 
patients with unexplained cerebralischaemia: multicenter findings [abstract]. Circulation 
1994;90(suppl 1):21.. 
 
21. Scardi S, Mazzone C, Pandullo C, et al. Non rheumatic atrial fibrillation and left atrial 
thrombus formation— relation between left atrial appendage function, clinical and 
haematological findings [abstract]. J Am Coll Cardiol 1997; 29(suppl):526A. 
 
22. Seward JB, Khandheria BK, Oh JK, et al. Transesophageal echocardiography: 
technique, anatomic correlations, implementation, and clinical applications. Mayo Clin 
Proc 1988;63:649–80. 
 
23. Suetsugu M, Matsuzaki M, Toma Y, et al. Detection of mural thrombiand analysis of 
blood flow velocities in the left atrial appendage using transesophageal two-dimensional 
echocardiography and pulsed Doppler flowmetry [Japanese]. J Cardiol 1988;18:385–94. 
 
24. Pollick C, Taylor D. Assessment of left atrial appendage function bytransesophageal 
echocardiography: implications for the development of thrombus. Circulation 
1991;84:223–31. 
 
25. Carranza C, Abufhele A, Cartes F, Forero A. Transthoracic versus transesophageal 
two-dimensional echo Doppler evaluation of flow velocity in the left atrial appendage. 
Echocardiography 1997;14:357–61. 
 26. Black IW, Hopkins AP, Lee LC, Walsh WF. Left atrial spontaneous echo contrast: a 
clinical and echocardiographic analysis. J Am Coll  Cardiol 1991;18:398–404. 
 
27. Okamoto M, Hashimoto M, Sueda T, Yamada T, Karakawa S, Kajiyama G. Time 
interval determination from left atrial appendage  ejection flow in patients with mitral 
stenosis. J Clin Ultrasound 1997;25:97–102. 
 
28. Noda T, Arakawa M, Miwa H, et al. Effects of heart rate on flow velocity of the left 
atrial appendage in patients with nonvalvular atrial fibrillation. Clin Cardiol 
1996;19:295–300. 
 
29. Hwang JJ, Li YH, Lin JM, et al. Left atrial appendage function determined by 
transesophageal echocardiography in patients with  rheumatic mitral valve disease. 
Cardiology 1994;85:121– 8. 
 
30. Lin JM, Hsu KL, Hwang JJ, Li YH, Tseng YZ. Interference of mitralvalve stenosis 
with left ventricular diastole and left atrial appendage flow. Cardiology 1996;87:537– 44. 
 
31. Mugge A, Kuhn H, Nikutta P, Grote J, Lopez JA, Daniel WG. Assessment of left 
atrial appendage function by biplane transesophageal echocardiography in patients with 
nonrheumatic atrial fibrillation: identification of a subgroup of patients at increased 
embolic risk. J Am Coll Cardiol 1994;23:599 – 607. 
 
32. Lee TM, Chou NK, Su SF, et al. Left atrial spontaneous echo contrast in 
asymptomatic patients with a mechanical valve prosthesis. Ann Thorac Surg 
1996;62:1790 –5 
 
33. Li YH, Hwang JJ, Ko YL, et al. Left atrial spontaneous echo contrast in patients with 
rheumatic mitral valve disease in sinus rhythm: implication of an altered left atrial 
appendage function in its formation. Chest 1995;108:99 –103. 
 
34. Carlhall C, et al. Contribution of mitral annular excursion and shape dynamics to total 
left ventricular volume change. Am J Physiol Heart Circ Physiol 2004;287:H1836e41. 
 
35. Nikitin NP, et al. Longitudinal ventricular function: normal values of atrioventricular 
annular and myocardial velocities measured with quantitative two-dimensional color 
Doppler tissue imaging. J Am Soc Echocardiogr 2003; 
 
36. Simonson J, Schiller NB. Descent of the base of the left ventricle: an 
echocardiographic index of left ventricular function. J Am Soc Echo 1989; 
 
37. Fatkin D, Kelly RP, Feneley MP: Relations betweenleft atrial appendage blood flow 
velocity, spontaneousechocardiographic contrast and thromboembolic risk in vivo. J Am 
Coll Cardiol 1994;23(4):961–969. 
 38. O¨ zer N, Can I, Atalar E, et al: Left ventricular longaxis function is reduced in 
patients with rheumatic mitral stenosis. Echocardiography 2004;21:107–112. 
 
39. Tabata T, Oki T, Fukuda N, et al: Influence of leftatrial pressure on left atrial 
appendage flow velocity patterns in patients in sinus rhythm. J Am Soc Echocardiogr 
1996;9:857–864. 
 
 
40. Sait Mesut DogAn, Mustafa AydiN, Metin Gürsürer,Aydın Dursun, Fatih Çam,Tolga 
Onuk, Early Detection Of Cardiac Function By Tissue Doppler Imaging In Patients With 
Mitral Stenosis And Sinus Rhythm. Arch Turk Soc Cardiol 2006;34(6):358-362. 
 
41. Bilge M, Eryonucu B, Guler N, et al: Transesophagealechocardiographic assessment 
of left atrial appendage function in untreated systemic hypertensive patientswith sinus 
rhythm. J Am Soc Echocardiogr2000;13:271–276. 
42. Gölbaşi Z, Ciçek D, Canbay A, Uçar O, Bayol H, Aydogdu S. Left atrial appendage 
function in patients with mitral stenosis in sinus rhythm.Eur J Echocardiogr. 2002 
Mar;3(1):39-43. 
43. Murat Cayli, Esmeray Acart  urk, Mehmet Kanadas¸ Mesut Demir, Annular Systolic 
Velocity Predicts the Presence of Spontaneous Echo Contrast in Mitral Stenosis Patients 
with Sinus Rhythm Clin. Cardiol. 30, 459–463 (2007) 
 
44. Wolf PA, Dawber TR, Thomas HE, et al: Epidemiologic assessment of chronic atrial 
fibrillation and risk of stroke: The Framingham study. Neurology 1978;28(10):973–977. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Master Chart 
 
S. 
No. AGE SEX AF LAD MVA EF MG PG Sm Em Am 
LAAE
V 
SEC 
Gra
de 
Thro
mbus 
1 24 2 0 38 1.2 63 6 10 26 14 17 45 0 0 
2 22 2 0 30 0.9 64 24 31 16 11 14 22 3 0 
3 26 1 0 36 1.3 65 7 12 24 14 19 43 0 0 
4 32 2 0 43 1.2 63 8 13 18 18 13 28 0 0 
5 23 2 1 56 0.6 67 10 16 13 10 0 4 1 0 
6 32 1 0 43 0.9 60 25 33 12 11 11 12 1 0 
7 28 2 1 42 1.1 63 10 24 11 17 0 2 1 0 
8 30 2 0 36 1 64 13 22 19 16 16 30 1 0 
9 23 1 0 46 1.3 65 9 15 20 11 19 33 0 0 
10 34 2 0 54 0.9 64 25 34 14 14 13 14 3 0 
11 22 1 1 55 0.7 66 13 18 13 10 0 8 4 1 
12 35 1 1 53 0.7 65 18 20 12 14 0 4 2 0 
13 25 2 0 66 0.9 62 25 32 12 16 11 12 2 0 
14 21 2 0 36 1 65 27 35 11 12 11 12 1 0 
15 23 1 0 39 1.2 62 9 18 16 15 18 25 0 0 
16 28 2 1 49 0.6 65 14 24 12 15 0 3 3 1 
17 35 2 0 42 1.1 56 9 14 22 14 14 38 0 0 
18 20 2 0 46 0.9 64 16 26 17 11 15 23 4 1 
19 38 2 0 57 1 63 23 28 15 16 13 17 1 0 
20 22 1 1 58 0.8 65 11 21 13 13 0 6 3 0 
21 21 1 0 40 1.4 65 9 17 17 16 17 26 0 0 
22 30 2 1 62 0.8 66 15 23 13 11 0 6 4 1 
23 26 2 0 52 0.7 63 23 28 14 13 12 12 2 0 
24 27 2 0 32 1.2 65 8 13 20 13 16 32 0 0 
25 23 2 0 40 1.2 64 9 14 27 13 18 48 0 0 
26 37 2 0 41 1.3 60 8 13 21 15 15 35 0 0 
27 24 1 0 52 1 65 14 24 18 15 16 23 2 0 
28 23 2 0 48 1 64 23 29 13 11 11 12 1 0 
29 25 2 1 42 0.7 67 12 23 14 12 0 8 3 0 
30 38 1 1 56 0.7 66 12 24 12 16 0 3 4 1 
 
Sex :    1 – Male 2- Female  Thrombus: 0 – Absent  
AF: 0 – SR  1- AF     1 – Present  
 
Master Chart (Contd..) 
 
S. 
No. AGE SEX AF LAD MVA EF MG PG Sm Em Am 
LAAE
V 
SEC 
Gra
de 
Thro
mbus  
31 20 2 0 38 1.3 62 8 14 15 14 11 25 0 0 
32 22 1 0 54 0.9 62 28 42 11 17 10 12 3 1 
33 21 1 0 45 1.2 66 9 16 19 13 16 28 0 0 
34 32 2 0 40 1 64 12 20 21 14 18 34 1 0 
35 23 2 0 41 1.1 66 9 18 16 15 12 25 0 0 
36 24 2 0 58 0.8 64 24 27 15 14 13 20 2 0 
37 37 1 0 58 1 62 16 27 18 14 16 23 0 0 
38 33 2 1 43 0.8 65 11 22 12 11 0 4 4 1 
39 32 2 0 48 1.1 64 13 25 14 11 12 12 2 0 
40 22 2 0 56 1 62 24 27 14 15 12 13 0 0 
41 35 1 1 60 0.6 62 12 18 13 12 0 5 4 1 
42 20 2 0 42 1.5 65 6 12 17 16 17 26 0 0 
43 29 2 0 40 1.4 62 9 16 20 11 17 31 0 0 
44 33 2 0 58 0.9 60 16 27 18 14 18 24 1 0 
45 27 1 0 56 1 59 14 25 19 14 18 24 1 0 
46 33 1 0 43 1.3 67 6 11 14 14 16 25 0 0 
47 29 1 0 41 0.9 65 14 26 17 16 18 26 2 0 
48 23 2 1 48 1.4 64 10 18 12 10 0 3 1 0 
49 21 2 1 59 0.6 65 14 22 10 15 0 2 3 1 
50 35 1 1 53 1.2 65 8 17 13 16 0 6 1 0 
51 26 2 0 55 0.9 65 27 42 14 14 12 14 3 0 
52 36 2 1 57 0.6 64 13 24 13 15 0 5 4 1 
53 36 1 0 48 1.1 62 12 22 15 11 13 21 2 0 
54 24 1 0 62 0.9 65 23 21 17 13 14 23 2 0 
55 32 2 1 57 0.6 65 8 25 11 11 0 2 4 1 
56 39 2 1 57 0.8 66 11 21 14 11 0 10 4 1 
57 37 2 0 28 0.9 65 12 24 20 14 20 24 3 0 
58 25 2 1 52 0.8 64 9 21 12 10 0 3 2 0 
59 28 2 1 72 0.5 65 8 22 11 11 0 3 2 0 
60 29 2 1 60 0.7 67 12 24 12 14 0 3 3 1 
 
Sex :    1 – Male 2- Female  Thrombus: 0 – Absent  
AF: 0 – SR  1- AF     1 – Present  
 
PROFORMA 
 
CORRELATION BETWEEN MITRAL ANNULAR SYSTOLIC VELOCITY AND 
LEFT ATRIAL APPENDAGE FUNCTION IN MITRAL STENOSIS 
 
NAME:     AGE:     SEX: 
ADDRESS:     CD NO: 
ECG 
 
ECHO 
TRANS THORACIC ECHOCARDIOGRAM 
SL. NO.    
01. LV EF LV EDV ml  
  LV ESV ml  
  LV EF (MODIFIED SIMPSON)  
  LVIDD cm  
  LVIDS cm   
  EF%  
02. LA DIMENSION AP DIAMETER  
03. MV ORIFICE AREA PLANIMETRY cm²  
  PHT cm²  
04. MV GRADIENT PG mmHg  
  MG mmHg  
05. MVA TDI S cm/s  
  e’ cm/s  
  a’ cm/s  
 
TRANS OESOPHAGEAL ECHOCARDIOGRAM 
 
SL. NO.    
01. LA APPENDAGE LATE EMPTYING VELOCITY cm/s  
02. LAA THROMBUS SITE  
 SIZE  
  MOBILITY  
03. SEC GRADING 0  
  1+  
  2+  
  3+  
  4+  
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பuni0B99_uni0BCDuni0B95_uni0BC1 ெபuni0BB1_uni0BC1பவ.uni0BA9_uni0BCD எuni0BA3_uni0BCD: 
பuni0B99_uni0BCDuni0B95_uni0BC1 ெபuni0BB1_uni0BC1பவ  இதைன (√) uni0B95_uni0BC1றிuni0B95_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD 
ேமேல uni0B95_uni0BC1றிuni0BAA_uni0BCDபிuni0B9F_uni0BCDuni0B9F_uni0BC1uni0BB3_uni0BCDள மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ ஆuni0BAF_uni0BCDவிuni0BA9_uni0BCD விவரuni0B99_uni0BCDகuni0BB3_uni0BCD எனuni0B95_uni0BCDuni0B95_uni0BC1 விளuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடuni0BA4_uni0BC1. எuni0BA9_uni0BCDuni0BA9_uni0BC1ைடய 
சuni0BA8_uni0BCDேதகuni0B99_uni0BCDகைளuni0B95_uni0BCD ேகuni0B9F_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD, அதuni0BB1_uni0BCDகான தuni0B95_uni0BC1uni0BA8_uni0BCDத விளuni0B95_uni0BCDகuni0B99_uni0BCDகைளuni0BAA_uni0BCD ெபறuni0BB5_uni0BC1uni0BAE_uni0BCD வாuni0BAF_uni0BCDuni0BAA_uni0BCDபளிuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடuni0BA4_uni0BC1.  
நாuni0BA9_uni0BCD இuni0BB5_uni0BCDவாuni0BAF_uni0BCDவிuni0BB2_uni0BCD தuni0BA9_uni0BCDனிuni0B9A_uni0BCDைசயாகuni0BA4_uni0BCDதாuni0BA9_uni0BCD பuni0B99_uni0BCDேகuni0BB1_uni0BCDகிேறuni0BA9_uni0BCD. எuni0BA8_uni0BCDதuni0B95_uni0BCD காரணuni0BA4_uni0BCDதினாேலா எuni0BA8_uni0BCDதuni0B95_uni0BCD 
கuni0B9F_uni0BCDடuni0BA4_uni0BCDதிuni0BB2_uni0BC1uni0BAE_uni0BCD எuni0BA8_uni0BCDத சuni0B9F_uni0BCDட சிuni0B95_uni0BCDகuni0BB2_uni0BC1uni0B95_uni0BCDuni0B95_uni0BC1uni0BAE_uni0BCD உuni0B9F_uni0BCDபடாமuni0BB2_uni0BCD நாuni0BA9_uni0BCD இuni0BB5_uni0BCDவாuni0BAF_uni0BCDவிuni0BB2_uni0BCD இuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1 விலகிuni0B95_uni0BCD ெகாuni0BB3_uni0BCDளலாuni0BAE_uni0BCD எuni0BA9_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD 
அறிuni0BA8_uni0BCDuni0BA4_uni0BC1 ெகாuni0BA3_uni0BCDேடuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDuni0BB5_uni0BC1 சuni0BAE_uni0BCDமuni0BA8_uni0BCDதமாகuni0BB5_uni0BC1uni0BAE_uni0BCD, ேமuni0BB2_uni0BC1uni0BAE_uni0BCD இuni0BA4_uni0BC1 சா7uni0BA8_uni0BCDதஆuni0BAF_uni0BCDuni0BB5_uni0BC1 ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCDேபாuni0BA4_uni0BC1uni0BAE_uni0BCD, இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD 
பuni0B99_uni0BCDuni0B95_uni0BC1ெபuni0BB1_uni0BC1uni0BAE_uni0BCD மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ7 எuni0BA9_uni0BCDuni0BA9_uni0BC1ைடய மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அறிuni0B95_uni0BCDைககைளuni0BAA_uni0BCD பா7uni0BAA_uni0BCDபதuni0BB1_uni0BCDuni0B95_uni0BC1 எuni0BA9_uni0BCD அuni0BA9_uni0BC1மதி ேதைவயிuni0BB2_uni0BCDைல என 
அறிuni0BA8_uni0BCDuni0BA4_uni0BC1ெகாuni0BB3_uni0BCDகிேறuni0BA9_uni0BCD. நாuni0BA9_uni0BCD ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD இuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1 விலகிuni0B95_uni0BCD ெகாuni0BA3_uni0BCDடாuni0BB2_uni0BC1uni0BAE_uni0BCD இuni0BA4_uni0BC1 ெபாuni0BB0_uni0BC1uni0BA8_uni0BCDuni0BA4_uni0BC1uni0BAE_uni0BCD என அறிகிேறuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BA9_uni0BCD uni0BAE_uni0BC2லuni0BAE_uni0BCD கிைடuni0B95_uni0BCDuni0B95_uni0BC1uni0BAE_uni0BCD தகவuni0BB2_uni0BCDகைளuni0BAF_uni0BC1uni0BAE_uni0BCD, ப-ேசாதைன uni0BAE_uni0BC1uni0B9F_uni0BBFuni0BB5_uni0BC1கைளuni0BAF_uni0BC1uni0BAE_uni0BCD மuni0BB1_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD சிகிuni0B9A_uni0BCDைச 
ெதாட7பான தகவuni0BB2_uni0BCDகைளuni0BAF_uni0BC1uni0BAE_uni0BCD மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ7 ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCD ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD பயuni0BA9_uni0BCDபuni0B9F_uni0BC1uni0BA4_uni0BCDதிuni0B95_uni0BCD ெகாuni0BB3_uni0BCDளuni0BB5_uni0BC1uni0BAE_uni0BCD, அைதuni0BAA_uni0BCD 
பிரuni0B9A_uni0BC1-uni0B95_uni0BCDகuni0BB5_uni0BC1uni0BAE_uni0BCD எuni0BA9_uni0BCD uni0BAE_uni0BC1uni0BB4_uni0BC1 மனuni0BA4_uni0BC1டuni0BA9_uni0BCD சuni0BAE_uni0BCDமதிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. 
இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDவிuni0BB2_uni0BCD பuni0B99_uni0BCDuni0B95_uni0BC1 ெகாuni0BB3_uni0BCDள ஒuni0BAA_uni0BCDuni0BAA_uni0BC1uni0B95_uni0BCDெகாuni0BB3_uni0BCDகிேறuni0BA9_uni0BCD. எனuni0B95_uni0BCDuni0B95_uni0BC1uni0B95_uni0BCD ெகாuni0B9F_uni0BC1uni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDட அறிuni0BB5_uni0BC1ைரகளிuni0BA9_uni0BCD பuni0B9F_uni0BBF 
நடuni0BA8_uni0BCDuni0BA4_uni0BC1ெகாuni0BB3_uni0BCDவuni0BA4_uni0BC1டuni0BA9_uni0BCD, இuni0BA8_uni0BCDத ஆuni0BAF_uni0BCDைவ ேமuni0BB1_uni0BCDெகாuni0BB3_uni0BCDuni0BB3_uni0BC1uni0BAE_uni0BCD மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அணிuni0B95_uni0BCDuni0B95_uni0BC1 உuni0BA3_uni0BCDைமuni0BAF_uni0BC1டuni0BA9_uni0BCD இuni0BB0_uni0BC1uni0BAA_uni0BCDேபuni0BA9_uni0BCD எuni0BA9_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD 
உuni0BB1_uni0BC1தியளிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. எuni0BA9_uni0BCD உடuni0BB2_uni0BCD நலuni0BAE_uni0BCD பாதிuni0B95_uni0BCDகuni0BAA_uni0BCDபuni0B9F_uni0BCDடாேலா அuni0BB2_uni0BCDலuni0BA4_uni0BC1 எதி7பாராத வழuni0B95_uni0BCDகuni0BA4_uni0BCDதிuni0BB1_uni0BCDuni0B95_uni0BC1 மாறாக 
ேநாuni0BAF_uni0BCDuni0B95_uni0BCDuni0B95_uni0BC1றி ெதuni0BA9_uni0BCDபuni0B9F_uni0BCDடாேலா உடேன அைத மuni0BB0_uni0BC1uni0BA4_uni0BCDuni0BA4_uni0BC1வ அணியிடuni0BAE_uni0BCD ெத-விuni0BAA_uni0BCDேபuni0BA9_uni0BCD என உuni0BB1_uni0BC1தி அளிuni0B95_uni0BCDகிேறuni0BA9_uni0BCD. 
எனuni0B95_uni0BCDuni0B95_uni0BC1 மிuni0BA9_uni0BCD ஒலி இதய வைரuni0BB5_uni0BC1[மா7பகதாuni0BA3_uni0BCDuni0B9F_uni0BC1,களuni0BA4_uni0BCDதாuni0BA3_uni0BCDuni0B9F_uni0BC1] ப-ேசாதைன ெசuni0BAF_uni0BCDuni0BA4_uni0BC1 ெகாuni0BB3_uni0BCDள சuni0BAE_uni0BCDமதuni0BAE_uni0BCD.. 
பuni0B99_uni0BCDேகuni0BB1_uni0BCDபவ-uni0BA9_uni0BCD ைகெயாuni0BAA_uni0BCDபuni0BAE_uni0BCD ....................................................................  இடuni0BAE_uni0BCD .............................................. ேததி ........................ 
கuni0B9F_uni0BCDைடவிரuni0BB2_uni0BCD ேரைக: 
 
 
பuni0B99_uni0BCDேகuni0BB1_uni0BCDபவ-uni0BA9_uni0BCD ெபய7 மuni0BB1_uni0BCDuni0BB1_uni0BC1uni0BAE_uni0BCD விலாசuni0BAE_uni0BCD ................................................................................................................................................... 
ஆuni0BAF_uni0BCDவாள-uni0BA9_uni0BCD ைகெயாuni0BAA_uni0BCDபuni0BAE_uni0BCD .......................................................................... இடuni0BAE_uni0BCD .................................................ேததி ..................... 
ஆuni0BAF_uni0BCDவாள-uni0BA9_uni0BCD ெபய7 .......................................................................................... 
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